Among these objects are a sizable group made from unalloyed copper, including "crescents"26 and a variety of relief plaques. Most of the artifacts-including personal ornaments, small figures of animals (particularly insects and crustaceans), disk ornaments, anthropomorphic and zoomorphic standards, and numerous relief plaques in a great variety of shapes-were made from gilded-or silvered-copper sheet. There are also more than twenty objects or fragments of objects, including plain and embellished nose ornaments, earflares, and flat or three-dimensional ornaments for attachment to substrates of other metals, that were made from solid gold sheet. A group of gold nose ornaments and two small gold figures (Figure 3 ) that were probably not manufactured locally are also associated with the finds.27
There are also a number of silver objects, primarily nose ornaments (Figure 2 ), known from Loma Negra. It is, however, the artifacts that combine silver and gold components or silver and gold surfaces using a variety of mechanical and metallurgical processes that constitute the most striking finds from Loma Negra, Sipan, and La Mina. The composite objects from Loma Negra that combine gold and silver sheet rather than gilded or silvered surfaces are limited to nose ornaments and earflares (Figures 4-12) , but additional types of artifacts that combine solid precious-metal sheets are known from Sipan and La Mina. Relative to the number of composite silver-and-gold objects of Moche manufacture, much effort went into developing methods used for combining the two metals. Several of these processes were already in use in Chavin times and many were employed simultaneously, if less frequently, byVicfs metalworkers; yet the innovative metallurgy of the Moche far exceeded the legacy they inherited, just as many of their technological innovations were not incorporated into the metalworking traditions of subsequent Andean cultures. Later Peruvian cultures continued to express an interest in the juxtaposition of gold and silver but none appears to have pursued this goal with the refinement and resourcefulness displayed by the Moche.
Two mechanical and three metallurgical methods were employed in the manufacture of composite works from Loma Negra in the Metropolitan Museum (see Appendix).28 Three of these methods, and two additional ones, were observed on objects from Sipan. Most of these seven techniques appear to have been used in the manufacture of the objects from La Mina and possibly an eighth as well. Another method of combining gold and silver was used in the manufacture of an unprovenanced Moche nose ornament in the American Museum of Natural History, New York, and yet another method can be observed on an unprovenanced silver-and-gold figure of a llama in the Museo del Banco Wiese in Lima.29 In some instances a combination of mechanical and metallurgical pro- These objects, as well as two nose ornaments attributed to La Mina in a private collection, were examined under magnification and radiographed. Polished sections of joins were studied using a metallographic microscope, and elemental analysis of the sections and of microsamples were carried out using an energydispersive x-ray spectrometer attached to a scanning electron microscope (EDS/SEM).32 Two of these sections were also analyzed using wave-dispersive x-ray spectroscopy (WDS) in conjunction with an electron microprobe.33 In addition, a significant number of composite silver-and-gold objects from Sipan were examined under magnification. I. The mechanical joins present on the Loma Negra objects generally rely on a series of rectangular tabs and slots; the tabs extend from the edges of one sheet of metal and are inserted into slots cut into a second sheet. For example, there are several nose ornaments made from hammered silver sheet with gold attachments. In one case a gold band with snails in low relief is joined in this manner to the bottom edge of the silver component (Figures 5, 6 ). In a second example the silver substrate is overlaid with two mirror-image gold crayfish in low relief (Figures 7, 8) .
On all the composite nose ornaments in the Metropolitan Museum that were joined using mechanical means, the gold sheet was applied to or over the silver, but taken together with the objects of similar manu- facture from other collections documented in the Loma Negra Archive, where silver was applied to gold, the nose ornaments demonstrate that for the Moche both gold and silver could function either as foreground or background. This flexibility can also be observed on the Loma Negra harpy eagle earflares (MMA 1979.206 Figures 1 1,  12 ).38 The spiders are three-dimensional, each having been formed from two raised sheets of silver that were pressure-fitted.39 The legs are made from four round silver wires, each threaded through a pair of holes on opposite sides of the body ( Figure 13 ). The wires were fitted into rectangular holes in the webs and flattened so as not to slip out, holding the spiders mechanically in place.
Silver-and-gold objects of Chavin manufacture are rare, and none is known to have used mechanical joining methods. Although Vicus composite objects are relatively common, mechanical joins are rare.40 II. The second Moche method of combining gold and silver is similar to the first insofar as it involves the assembly and mechanical attachment of metal sheets using tabs and wires. However, in this case the sheets are of copper with gilded or silvered surfaces. Close examination of Loma Negra artifacts in the Museum that were assembled from copper-sheet components has revealed that a considerable number use both gilded-copper and silvered-copper sheets.
Among these, the largest and the most impressive in terms of imagery are two disks that measure approximately twenty-six and twenty-eight centimeters in diameter. These disks, along with eight others from Loma Negra in the Metropolitan Museum are part of a cohesive but enigmatic group of objects found thus far only in the Vicuis region. The disks have one or more hole(s) for suspension or attachment to a support, but their function is unknown.4' As noted above, the use of gold and silver as both foreground and background characterizes the disks.
In the first case (MMA 1987.394.56) a background disk of "silvered" copper supports a gilded-copper owl assembled from several pieces of sheet ( Figure 14) . Copper corrosion products that have migrated from the substrate obscure much of the disk's surfaces, but in radiographs it is possible to see that the wings lack the tabs that held the other parts of the body in place and would have flapped freely when the disk was moved ( Figure 15 ). Its head, created entirely in the round, is mounted on a metal rod inserted into the body and attached to its inner surface and would have rotated from side to side. The outer edge of the disk is covered by a rim made from gilded-copper sheet. The In the radiographs they noted sharp junctures between the components and proposed that the joins had been executed, without overlapping the gold and silver sheets and without much hammering, through the action of heat. The authors also mentioned the presence of cracks along some of the joins but offered no explanation for their origin. In radiographs of the Loma Negra and Vicus nose ornaments, the Moche earflares, the Lambayeque roundels and tupu, and the Chavin pectorals, the corresponding silver-and-gold components in each object exhibited drastically different opacities (Figures 36-39 ), such as had been observed by Tushingham, Franklin, and Toogood in objects of similar manufacture.67 To confirm the supposition that these artifacts had been hammer-welded, metallographic sections were prepared from samples removed from joins on the Loma Negra nose ornament and from one of the Moche earflares. Pending further investigation, it appears that gold and silver sheets were assembled with slightly overlapped edges and alternately heated and hammered until adequate fusion occurred.
Certainly in viewing these sections (Figures 40, 41) it is obvious that the silver and gold components had been overlapped prior to joining. The metal sheets that were used for the Loma Negra nose ornament are quite thin, measuring about 0.2 millimeter near the join, while the metal at the join is nearly twice as thick. The Moche earflares are made from substantially thicker gold and silver sheets, the edges of which appear to have been beveled at the overlap, so that the joins are approximately the same thickness as the individual starting sheets. The abrupt junction between the gold and silver sheets, with their dramatically different radiopacities, tends to obscure features associated with thejoins, but, in fact, a careful review of each hammer weld in the radiographs reveals a narrow zone where the gold and silver sheets overlap. As a rule porosity, which is generally associated with melting, was not observed. The Chavin pectorals, the only exceptions, had isolated pores along the joins.
It is clear that the joins were annealed, because substantial interdiffusion of the gold and silver can be observed in the metal sections at relatively low magnifications; the distribution of the two metals on an atomic scale is confirmed with electron backscatter imaging and elemental dot mapping. On the section from the Moche earflare, in particular, long narrow peninsulas of gold penetrate the silver sheet on the other side of thejoin and vice versa, suggesting that the heating occurred repeatedly and in alternation with campaigns of hammering (Figure 41) . Furthermore, there is evidence for considerable deformation by hammering, both at the joins and on the objects overall, subsequent to joining. The broad area of overlap between the gold and silver sheets of the Loma Negra nose ornament (Figure 40 ), for example, is due to extensive hammering at the joins, while the similarity in the pattern of hammer blows and changes in thickness in the gold and silver components, visible in the radiographs, also suggest that the final shaping and finishing were carried out after the components were joined (Figure 36 ). The joining of the gold and silver sheets prior to shaping the artifacts could also be estab- Figures 38, 39) , with measurements of sheet thicknesses, it is obvious that the corresponding silver and gold components were made from silver and gold sheets of similar thickness. However, the error of assuming that the lack of marked differences in the radiopacity of the different metal components means that an object was not hammer-welded is illustrated by a nose ornament attributed to La Mina (Figure 31) . From top to bottom, the piece consists of an oval silver field, a gold serpent with two human heads, and a row of silver trophy heads. Whereas preliminary macroscopic examination of the ornament suggested that it had been made from gold and silver sheets joined by hammer-welding, this conclusion was at first discounted because the radiopacity is fairly consistent throughout the ornament except where changes in thickness were created by the repousse and chasing, or on the edges, where it is obvious that the metal had been disproportionately thinned by hammering (Figure 42) . The possibility that these ornaments had been made from gilded silver was briefly considered and rejected as being inconsistent with the radiographic evidence. Figure 16 ). The silver sheet contains 6.6 percent gold and 4.4 percent copper. Unfortunately this nose ornament was the only Loma Negra hammer-welded join available for analysis, but in all instances where silver-sheet samples from hammer-welded composite silver-and-gold artifacts were analyzed, they were found to contain amounts of gold and copper equal to or greater than what was detected for the Loma Negra example. It is interesting to note that the silver used on composite objects that employ other metallurgical means of attachment, i.e., soldering or silvering, also contain considerable additions of gold and copper.
The silver used for metallurgical joining processes differs distinctly in composition from the alloys used for Loma Negra artifacts without metallurgical joins. In the six cases where analyses were carried out on objects made entirely of silver sheet or on silver components mechanicallyjoined to gold sheet, three were quite pure (0.7-1.1 percent copper, with no gold detected). The other three were found to contain 2.0-3.6 percent copper with, in one case, an additional 1.3 percent gold (also see Appendix).
The location and composition of silver sources used by the Moche have not, as yet, been investigated, but it is obvious that pure silver was available. It also seems quite likely that the Moche added gold and copper to silver to produce alloys not known to occur in nature,70 and that they chose specific natural and artificial alloys for different cultural or practical reasons. In the six instances where the silver was employed in the manufacture of objects that do not have metallur- Although visual examination and radiographic analysis were helpful in characterizing these ornaments, proof for their manufacture from partially silvered-gold sheet was obtained from the examination of polished sections. Viewed in section, the silver layers on the anthropomorphic nose ornament and the bird relief band are fairly irregular in thickness, averaging one and three microns, respectively. Scanning electron microscope elemental x-ray maps, electron backscatter images, and electron microprobe traces across the sections document the distribution of gold and silver (Figures 46-48) . It is interesting to note a marked accumulation of silver in an angular irregularity on the surface of the gold in the section of the nose ornament (Figure 46) . 80 The structures observed in the etched metallographic sections indicate that in a later or final stage of manufacture, these artifacts were reheated sufficiently for the heavily cold-worked grains of the gold substrate to recrystallize and a certain degree of diffusion to occur. Unfortunately the silver coatings are far too thin for one to observe grain structure when using a conventional metallographic microscope, or other features that may be present. Electron microprobe line scans across the silvergold interfaces carried out on both sections indicate that the zone of diffusion is quite broad, particularly in relation to the thickness of the silver layer. On the section from the anthropomorphic nose ornament, where the discrete silver layer averages three microns in thickness, diffusion of substantial amounts of silver into the gold substrate occurred to an approximate depth of eight microns ( Figure 48 ).81 At this time it remains unclear how these silver coatings were applied. It is obvious that neither depletion plating, which was widely used in pre-conquest South America to gild and silver copper substrates, nor electrochemical replacement plating, the mechanism proposed by Lechtman for the gilding and silvering of copper sheet from Loma Negra, could have been used to produce silver layers on gold. Mechanical joining also seems unlikely. In the manufacture of the bird-relief band it is possible to recognize the following steps: the relief detail was chased into a sheet of gold cut to approximate the final shape; the obverse was silvered and then the raised areas-the birds and the borders-were abraded to reveal the gold beneath; the band was then cut to its proper size and attached with tabs to its corresponding top half. Evidence for these steps can be found in radiographs (Figure 49 ) and in a careful examination of the band's silvered and unsilvered surfaces. The gold areas are somewhat less radiopaque than the silvered-gold areas, but because of its extreme thinness (ca. one micron) and the low atomic weight of silver relative to that of gold, the silver layer is not surements indicate that the silvered-gold sheet is thicker than the unsilvered sheet but by more than can be accounted for by the addition of one micron of silver. Some thinning of the raised areas, all of which are unsilvered gold, may be attributed to the chasing process, but other observations, including polishing scratches and small silver islands on the gold surfaces, suggest that the gold areas are thinner because they were abraded during the selective removal of patches of silver from an overall silver layer. Most convincing is the fact that the very top edge of the band and the tabs extending from it are silvered. If the silver layer had been applied locally, it is unlikely that a millimeterwide strip adjacent to the gold border, or the tabs, would have been silvered; the presence of silver on the tabs implies that the layer had been applied to the entire obverse surface. Evidence of an overall application and selective removal of a silver layer on the anthropomorphic silvered-gold nose ornament was not observed.
An interesting and as yet unexplained phenomenon is the presence of mercury on the surface of the birdrelief band. Whereas mercury gilding, also called fire or amalgam gilding, was widely used in many ancient and historic Old World contexts, its use on objects from pre-conquest Peru has never been confirmed.82 Amalgam silvering on gold is metallurgically possible, though it was rarely, if ever, carried out anywhere in the ancient world.83 There are sources of elemental mercury in Peru, but it is not clear that they were exploited before the Spanish conquest.84 However, the mineral cinnabar, a mercuric sulfide with the formula HgS,, had widespread use as a pigment for painting and during burial seems occasionally to have been sprinkled in powdered form on bodies of deceased individuals, or on the grave goods that accompanied them in death.85
In any event, as indicated by electron microprobe analysis of the section from the bird-relief band, mercury is present both in the rather spongy silver surface layer and concentrated in visually discrete structures on the surface itself, where minute specks of gold can be observed as well (Figure 50 ). Minimal amounts of mercury were detected in the gold substrate. In situ x-ray diffraction analysis of the surface of the band and elemental analysis of the section proved unsuccessful in identifying a mercury-containing compound.86 Red pigment present on the surfaces of several pieces from Loma Negra has been identified as cinnabar, and it is possible that the mercury is due to the subsequent decay of cinnabar that had been sprinkled during burial onto the surface of the nose ornament to which this band belonged, or onto a neighboring object. The sublimation of cinnabar, which occurs at 583?C, would presumably leave a mercury residue on the surface; there is, however, nothing to suggest that the bird-relief band was heated after burial. Mercury independent of cinnabar was not detected on the silvered-gold nose ornament, nor on any other Moche object thus far analyzed.
VII. There is an unprovenanced Moche nose ornament in the American Museum of Natural History (41.2/8676) that was also made from partially silvered gold (Figure 51 ). In this case, because of the poor preservation of the silver layer, it is possible in many areas to observe the formerly silvered gold substrate and to gauge the thickness of the silver layer, which is significantly greater than those present on the two Loma Negra ornaments. The differences observed in both the macroscopic and radiographic features of the unprovenanced silvered-gold nose ornament on one hand and the two Loma Negra pieces described above point to the use of different working methods that led to a similar result.
It was noted above that the areas of silvered-gold sheet on the Loma Negra ornaments are slightly more radiopaque than gold areas, where it appears that a silver layer was intentionally abraded away. Exactly the opposite is true for the unprovenanced nose ornament, where the silvered-gold areas are considerably less radiopaque than the plain gold sheet (Figure 52 VIII. There is a single example of precious metal inlays secured using metallurgical means that can be observed on one of a pair of silver-and-gold scepters from tomb 1 at Sipan. The substrate is the solid castsilver shaft.88 Gold has been inlaid in a series of spiraling channels cast and/or scored into two war clubs that . 96) ornament the shaft. The surfaces of the gold inlays are globular and, for the most part, below the surface level of the silver substrate. In the few instances where the gold had been higher when first applied, it was smeared, apparently during manufacture, across the silver, so that the surfaces are now more or less flush. Minute amounts of gold were also applied to the convex silver surfaces of two "stones" shown in slings wrapped around the war clubs. In this case the gold does not appear globular, nor to have been set into a deep recess. It can be proposed that the gold inlay was applied in a semi-molten state, but a rigorous examination is necessary in order to discover the precise methods of application of both the gold inlays and overlays; the method used for the latter may be related to that used to apply silver to a gold surface on the unprovenanced nose ornament in the American Museum of Natural History described above and, in any case represents a rare, if small-scale, occurrence of gilded silver in Peru that predates the Lambayeque culture.
IX. One method for combining gold and silver used by the Moche seems, thus far, to be unique to La Mina. It appears on several similar gold zoomorphic trumpets, to which silver has been applied using two methods.89 One method is inlay, probably of the first type, using an organic adhesive, described for the Sipan material, and the second appears to involve the fusion of silver strips onto the surface of the gold. A full examination of the trumpets would be necessary to determine the precise details of their manufacture.
DISCUSSION
It is clear that the visualjuxtaposition of silver and gold was highly significant to the Moche. In addition to the use of gold and silver within a single composite work, gold and silver objects themselves were sometimes arranged to express a specific, dualistic relationship between the two metals. In Sipan tomb 1, excavated by the Bruning Museum, three pairs of objects in gold and silver versions-ingots, backflaps, and tumiswere placed on the proper right and proper left sides, respectively, of the deceased.9? A similar right-left arrangement of pairs of gold-and-silver backflaps and bells was found at Sipan in tomb 3, the burial of a man believed to have held a similar position in the Moche hierarchy, but in an earlier period.91 This phenomenon is thus far known only from Sipan because evidence for this type of arrangement, should it exist, can be ascertained only for artifacts obtained through excavation. The association of gold and silver with the right and left sides of the human body has also been observed on composite silver-and-gold objects, such as the famous peanut bead necklace from tomb 1 at Sipan (Figure 53 ) and on hammer-welded nose ornaments from Loma Negra (Figure 29) and Sipan,92 and nose ornaments attributed to the Vicuis culture ( Figure  34) .93 Whereas the finds at Sipan suggest that in burial contexts at that site and/or for specific personages there was a symbolic association between gold and the right side of the human body, and silver with the left, compositionally most Moche composite objects are not bisected by a single vertical line of symmetry that separates two mirror-image fields of different color, nor are gold and silver limited to one side or the other of a central axis (see Figures 4, 5, 7, 9-1 1, 14, 17, 22, 
31, 44, 45, 51).94
Viewed in terms of the effort and creativity that went into the manufacture of the composite artifacts discussed in this article, one might suggest that the interest of the Moche in the visualjuxtaposition of gold and silver was unlimited. "Whyjuxtapose silver and gold on a single object?" "Why cover copper with a layer of gold?" "Why fashion an object of solid gold in one instance and the same object from gilt copper in another?" To these questions that Heather Lechtman posed while reflecting on the lectures presented at the colloquium/workshop "Andean Royal Tombs, Works of Art in Metal,"95 one might add: Why devise so many methods of manufacture to create a specific visual effect? Are these sumptuous ornaments the work of a people for whom innovation, or variety, or the mastery of the physical world through the manipulation of raw matter, was a value of cultural significance? A preliminary examination of Vicus metalwork suggests that Vicus metalsmiths also depended on a considerable range of methods for combining gold and silver; perhaps this tendency or desire to juxtapose these metals embodies a specific level or quality of contact between the Moche and Vicus cultures; alternately, one might suggest that this technical and visual aesthetic is a development of the Early Intermediate Period in the north central Andes rather than a specifically Moche phenomenon. In considering this question one should look also to the composite silver-and-gold artifacts attributed to the problematic Frias culture, associated with a site of the same name in the highlands just northeast of Loma Negra and neighboring Vicus culture sites and thought to be contemporaneous in date.
Having adopted and developed these techniques, how did the Moche metalworker choose the method or methods that would be used in the manufacture of a specific object? The evidence from the existing corpus of Moche metalwork suggests that there are regional variations in the types of objects executed in gold and silver, just as one observes that certain methods seem to be favored at one or another of the three main sites. What combination of various and interrelated factors, such as date of manufacture, local traditions, type and function of the artifact, social status of the owner, availability of resources, and working properties of materials, formed a preference for one manufacturing method over another? Our hope is that, with further study and thought, we might begin to assign cultural values to the different technological processes used to create these objects and thereby might explain a particular confluence of artifact and manufacture. 
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